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SUMMARY 

Searches have been aede for pulsed high energy (E > 35 MeV) y radiation 

from 43 pulsars using the SAS-2 date base end radio peraaeters which became 

available after the previous search of Ogelaan at el. (1976). No positive 

results were found, and the upper Halts are consistent with the concept thee 

Y-ray production efficiency increases with Increasing apparent age. Two 
•• 

Halts from the Ogelaan et el. (1976) search, however suggest that efficiency 
cannot be a simple function of apparent age beyond 10^ years. 
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I. INTRODUCTION 

Studies of the high-energy redlatlon froa the Crab and Vela pulsar* 

(e.g., Knlffen et *1., 1974; Thompson et al., 1977; Kanbach et al., 1980; 

Wills, et al., 1982) have shown that the energy radiated in the fora of y rays 

exceeds that of radio waves by several orders of aagnltude. This feature has 

led to considerable effort to understand y rays as a probe of the high energy 

phenomena associated with pulsars. In particular, various authors have 

develped models for Y~ray emission which alght be expected from pulsars in 

general (e.g., Hardee, 1977; Buccheri et al., 1978; Salvati and Massaro, 1978; 

Ayasli and Ogelaan, 1980; Harding, 1981). Observationally , several searches 
•• 

of Y~ray data (Ogelaan et al., 1976; Kanbach et al., 1977; Knight et al., 

1982; Graser and SchSnfelder, 1983; Buccheri et al. 1983) have produced upper 
Halts but no confirmed Y~ray emission from other pulsars. 

The present work reports further upper limits to y radiation froa radio 
pulsars, using data froa the SAS-2 high energy Y-ray telescope (Pichtel et 
al., 1975). This search is based principally on pulsar parameters derived 

M 

from radio observations since the work of Ogelman et al (1976) . 


II. DATA ANALAYSIS 

Pulsars to be examined were selected, with two exceptions, from the list 
of Manchester and Taylor (1981), based on the following criteria: 

a. The pulsar aust have an apparent age T (T-P/2#, where P and t are the 
period and period derivative) less than 10** years, or the pulsar aust 
be relatively nearby in space. According to current aode?.s, pulsars 
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with small Apparent age ara aoat likely candidates to be y-ray 
emitters. 

b. The pulsar oust fall within the region of sky viewed by the SAS-2 
Instrument, as shown by Flchtel, Slnpson, and Thompson, 1978. 

c. The uncertainties in the period and perlrJ derivative oust be small 

enough to allow an extrapolation to the time of the SAS-2 observations 

in 1972-1973 (which were typically one week duration), assuming no 

“glitches" or other timing variations . Proper motions can be 

neglected for the present analysis. 

•* 

d. Those pulsars already studied by Ogelman et al (1976) were excluded 
unless improved radio data were available. 

Forty-two pulsars were selected for study in this way. The recently- 
discovered X-ray and radio pulsar in the supernova remnant MSH 15-52 (Seward 
and Harnden, 1982; Manchester, Tuohy, and D'Amico, 1982) was Included as a 
special case due to Its similarity to the Crab pulsar. Another special case 
was the 1 .5 as pulsar reported by Backer et al. (1982), for which a total y- 
ray upper limit was calculated. 

For each of the pulsars, y rays with measured energies above 35 MeV in 
the SAS-2 data base were selected If their measured arrival directions were 
within an error circle about the known pulsar position. The radius of the 
circle ranged from 4* to 6*, depending on y-ray energy. The arrival time of 
each y ray was corrected to a corresponding arrival time at the solar system 
barycenter, and these arrival times were then folded using the known radio 
period and period derivative. The resulting phase plots were examined iii bins 
of 0.05 period. Taking into account the number of bins (20) and the number of 

M 

pulsars examined In this analysis and the Ogelman et al. (1976) search, (more 
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than 100), non* of the pooka which appeared la the phoot plots wort considered 
statistically slgnlf leant* 

For each of the pulsars, an upper limit was calculated for the pulsed y- 
ray flux above 35 MaV, baaed on the sla|le highest paak in the phase plot. 
These are 95Z confidence upper limits calculated using the statistical 
analysis techniques of Bearn (1969). For those distributions for which two 
adjacent peaks were high, the data were binned in 0.1 period increments. From 
the flux upper limit, a y-ray luminosity upper limit was calculated based on 
the distance estimates of Manchester and Taylor (1981) and assuming an 
emission solid angle of 1 ster, so that the luminosity L is L ■ l*F*d^ where F 
is the flux upper limit and d is the distance. The y-ray upper limits, 
together with other pulsar data as summarized by Manchester and Taylor (1981), 
are shown in Table 1. 


III. INDIVIDUAL PULSARS 

A. 1509-58. This is the pulsar in the supernova remnant MSB 15-52 (G320.4- 
1 .2) . Although its X-ray and radio timing parameters are not sufficiently 
well defined to allow an unambiguous search of the SAS-2 data, the 
similarity of this pulsar to the Crab pulsar made it a unique candidate. 
The procedure followed was to search a range of periods and period 
derivatives allowed by the uncertainties, extrapolated to the time of the 
SAS-2 observations in March 1973. The phase distribution with the highest 

5 

X value is shown in Figure 1. Although the double peak structure is 
similar to those of the Crab and Vela, it should be emphasized that* the 
large number of periods searched (over 300,000) precludes spy claim of a 
positive result. The upper limit in Table I and Fig. 2 was derived from 
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the phase distribution by taking tha excess in tha two high bins above tha 
background aa dataralnad fro* tha othar 18 bins. Applying tha sane 
statiatieal analysis to thia phaaa distribution aa was uaad for tha othar 
pulaara would produca a limit about 40% higher, but such a limit would ba 
an overestimate in light of tha fact that tha timing anarch has already 
maximized tha peaka. Neither tha SAS-2 data (Hartman at al . , 1979) nor 
the COS-B data (Mayer-Hasselwander at al* 1982) show significant evidence 
of a localized y-ray source at tha position of this pulsar* 

B* 1747-46. Ogelman at al (1976) and Thompson at al (1976) found evidence 
for a positive pulsed result, baaed on tha radio timing measurements of 
McCulloch at al* (1973) made approximately one weak before the y-ray 
observations* Recent radio observations made over a much longer time span 
(Newton, Manchester, and Cooke, 1981) indicate a significantly smaller 
period derivative. Using the revised period derivative produces a y-ray 
phase plot with a peak of much lower significance than that found by 

•a 

Ogelman et al. The present upper limit is based on the revised radio 
data. 

C. 1818-04. Ogelman et al. (1976) identified this pulsar as a tentative 
positive result, based on a single large peak in the y-ray phase plot. 

The radio data (Manchester and Peters, 1972; Half and et al., 1980) show no 
re-evaluation of P or £ at a level which would affect the y-ray data.' The 
result in Table 1 is shown as an upper limit principally because of the 
lack of confirmation in the COS-B data (Kanbach et al., 1977). 

D. 1822-09. Mandrou, Vedrenne, and Masnou (1980) found evidence for pulsed 
radiation in the energy band 454-1126 keV. 

E. 19134-16. This pulsar has the shortest period of the three known binary 
radio pulsars. The analysis of the SAS-2 data used the equations and 
orbital parameters given by Taylor et al. (1976). 
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F. AC 21.5J. The 1.5 msec pulsar discovered b y Backsr at al. (1982) in this 
radio aourcs is Coo fast to ba rssolTtd by chs SAS-2 timing measurements . 
An uppar Halt (95* confldanca) to a y-ray source above 100 HsV at the 
location of this pulsar la 2 x 10"® photons cm"*s“*. In light of the very 
saall period derivative for this fast pulsar, little If any y radiation 
would be expected. 


IV. DISCUSSION 


The uppar Halts of Table I rest on several assumptions which should be 
re-eaphasized: 

a. The extrapolation of the radio parameters to the tlae of the SAS-2 
observations assumes that there were no Intervening “glitches’', large 
tlalng variations, or systematic second derivative of the period. 

b. The luminosity calculation assumes a 1 star emission angle for all 
pulsars. This assumption is s likely oversimplification. 

c. The uncertainties in the distance estimates for some of the pulsars 
are relatively large, due to the uncertainty in the interstellar 
electron distribution. Those pulsars in the table which are 
designated as having large distance uncertainties are ones for which 
the distance estimates changed by factors of four to fifteen between 
previous estimates (e.g. Taylor and Manchester, 1975) and the current 
best estimates (Manchester and Taylor, 1981) • If HII regions 
contribute significantly to thalr dispersion msasures, some of these 
pulsars may ba significantly closer than estimated hare. 
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Vigor* 2 suamarlaes th« results of this work, •Kowlng the y~?*7 

luminosity upper Halts (converted to e fraction of total pulaar rotational 

energy loss) as a function of pulsar apparent age T. Also shown are the 

positive results fro* the Crab and Vela pulaars fro* SAS-2, along with results 

for 0950+08 and 1929+10 fro* the previous pulsar search (Ogelaan et al, 

1976). In all cases, the average energy for the y rays has been taken as 100 

MeV, consistent with the energy spectra observed for the Crab and Vela 

pulsars. The line passes through the Crab and Vela results. The upper Units 

do not conflict with the trend suggested by the Crab and Vela pulsars for the 

efficiency of Y~ray production to Increase with increasing apparent age. A 

siaple dependence of efficiency on apparent age (auch as that proposed by 

•« 

Buccheri, et al., 1978 and Ayaall and Ogelaan, 1980) cannot, however, extend 
to ages beyond 10* years without conflicting with the upper Halts for 0950+08 
and 1929+10. Unless these two pulsars are uncharacteristic, the efficiency 
for Y-ray production oust either flatten or reach a maxima and then decrease 
with Increasing apparent age • Alternatively, the Y~ray production efficiency 
may depend on other parameters. The nodel of Harding (1981) predicts a 
dependence of (apparent age)**® * (period derivative)**®. None of the y-ray 
upper Halts are In conflict with this model. 

As Just Indicated, upper limits to Y**ray Mission from pulsars can place 
restrictions on models. Future observations will be needed to verify such 
aodels . Some of the SAS-2 upper Halts are close enought to possible extra- 
polations fro* the Crab and Vela pulsars to suggest that the large COS-B data 
base may reveal additional pulsars. Candidates would be 0740-28, 0919+06, 
1055-52, and 1822-09 (all of which lie close to the 11 m In Figure 2), older 
nearby pulsars such as 0950+08 and 1929+10, and other candidate pulsars listed 
by Harding (1981). Many pulsars are Inaccessible to Instruments with the 
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aanaltlalty and raaolutlon of 8AS-2 and COS-1, aa can ba aoan In Figura 2, but 
night ba obaarvabia with largo loatnaaanta auch aa thoaa on eha Ganna 1 ay 
Obaarvatory • 


Ths authors thank C<I* Flchtsl and AJC. larding for thalr oneouragoutnt aod 
suggestions. Us gratefully acknowledge halpful discussions with J.H. Taylor* 
Our thanks go also to tha referee, M. talrati, for a nunber of uaaful 
consents. 
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FIGURE CAPTIONS 


Figure 1 - ltoet likely candidate phaae plot for y raya froa the direction of 
pulaar 1509-58. Although • teller to phase plots for the Crab and 
Vela pulsars, this result Is not statistically significant due to 
the large number of period and period derivative combinations 
searched . 

Figure 2 - Games ray efficlences for radio pulsars (energy radiated as y 

rays/total rotational energy loss), under assumptions discussed in 
the text. Several pulsars of Interest are identified. 
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